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Introduction 
 
To create high quality synthesis of any vocal signal, it is important to analyze and 
implement the characteristics that are necessary to maintain its fidelity and natural sound. 
This is particularly complex when it comes to vibrato of a vocal signal that is synthesized 
for a flat signal.  Vibrato in its simplest form is explained with a delay function and a low 
frequency oscillator.  
 
 
Figure 1: Vibrato transfer function adapted from “DAFX” 
 
Vibrato is especially important in vocal performance and provides a valuable added 
dimension for expressive control (Maher and Beauchamp 1990).  The extent to which 
they can control the vibrato is a clear indication of a singer‟s skill and flexibility; vibrato 
also allows a singer to mask unintentional errors in singing pitch. It is integral when 
trying to understand vibrato in a vocal tract that you derive information from trained 
professional singers, otherwise the inability to control the vibrato, may not provide 
succinct correct results. The one thing that is known however is that if vibrato is 
parametrically and procedurally possible to illustrate, then there is a way for it be 
synthesized and manipulated for musical or acoustical purposes (Herrera and Bonada 
1998) 
 
Previous Research 
 
The foundation for this research stems from multiple experiments and research in 
creating a more natural sounding vibrato for instruments, particularly for the voice. Two 
files were recorded of an alto singing F4 (350Hz), one recording with vibrato and another 
without. This was done for a simple waveform analysis, to point out the general 
differences visible to the eye. 
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Figure 2 shows the recorded waveform of both these vocal signals. From this we can see 
that apart from the pitch changes we can here, the vocal tract also naturally creates 
amplitude changes as well. The vibrato waveform amplitude changes also seem 
sinusoidal like the frequency modulation, and fairly regular following the same rates. 
  
 
Figure 2: Top waveform is with vibrato, below is without vibrato (x-axis – time; y-axis-
amplitude) 
 
Therefore, in implementing digital synthesis of vibrato to a vocal signal, a matlab 
function with frequency modulation and amplitude modulation was created to modify the 
simple vibrato function as presented in “DAFX” (Zölzer and Dutilleux 2002). The 
previous function utilized an LFO with a delay line that created only frequency 
modulation without changing the amplitude. To adapt this, a tremolo function (figure 3) 
was added, which as a function creates a fluctuation of the amplitude in a sinusoidal 
pattern, similar to what is presented in the recorded vibrato in figure 2.  
 
 
Figure 3: block diagram of tremolo transfer function as implemented in matlab 
 
In running the matlab code, it was important to create the synthesized output signal with 
the same rates of vibrato and tremolo, to reflect the natural amplitude and pitch 
fluctuations produced by the vocal tract.  
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Upon creating the new synthesized vocal output signal with vibrato and tremolo, it was 
clear that there were still significant limitations in this vibrato synthesis model involving 
a simple amplitude and frequency modulation transfer function. The produced signal was 
too regular and although more natural than just pitch fluctuation, was still far from being 
an accurate re-synthesis of vocal vibrato.  
 
 
Figure 4: waveform of synthesized vibrato and tremolo signal 
 
As shown by figure 4, the function created a similar looking waveform, however the 
sound produced was unnatural and unlike the vocal vibrato that we aim to reproduce. 
Therefore from this research and other literature, it was clear to say that there were other 
parameters that were being ignored in the accurate re-synthesis of the vocal vibrato. 
 
Vocal tract production of vibrato 
 
It is important to first understand how the vocal tract produces vibrato, and what goes 
into modulating the different parameters in this production.  The human apparatus that is 
used in singing goes through different parts of the body to produce the sound. As Figure 
5 presents, the different parts of the vocal production make up the resonant structure that 
outputs the sound that creates the vibrato. Therefore the vocal tract creates formants and 
several harmonics, which colour the timbre of a vocal signal, and additionally the vibrato 
that it produces. (Arrobarren, et al. 2003) Recognising these other aspects to the output 
signal is the first step in accounting for the other aspects that shape the vibrato.  
 
According to previous studies of vibrato production, the resonant character of the vocal 
tract remains fixed when the pitch is maintained and the vibrato is produced with the 
excitation from the vocal folds. This aspect is what changes the frequency (pitch) in a 
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sinusoidal manner. The amplitude changes occur due to the harmonics of the voice 
related to the fundamental pitch being sung (f0) as they are being swept back and forth 
through the resonant structure of the vocal tract creating what we typically recognize as a 
Doppler effect, the general metaphorical representation of vibrato. 
 
Figure 5: (a) vocal apparatus (b) simplified block diagram of the vocal tract (Maher and 
Beauchamp 1990) 
 
General depth and rate varies for singers of different voice types and pitches. In addition, 
distinctive resonances are formed by different vowel sounds, therefore it is important to 
critically analyse the original sound and that model the synthesized vibrato accordingly. 
When an analysis of the average frequency spectrum of the recorded signals was done, 
some of the products of these resonances could be seen, especially the harmonics or 
partials(figure 6). 
 
 
Figure 6: frequency spectrum plotted against amplitude; left-flat vocal signal; right – vibrato vocal signal 
 
Clearly there were more parameters that were being affected than just the pitch and the 
amplitude in the production of the vibrato, and these had to be analysed and adjusted with 
the right vibrato model for synthesis. The amplitude and the spectral shape produce the 
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shimmer that is created by our vocal tract during vibrato, without which the true character 
and timbre would not be able to be reproduced (Meron and Hirose 2000).  
 
 
Figure 7: Spectral Frequency display of recorded vibrato signal 
 
As shown by figure 7 the there are several partials present and also modulate at the same 
rate as the fundamental frequency, and therefore need to be analysed with proper 
extraction of rate and depth from the harmonics (partials) as well as the fundamental. 
 
Analysis of Vibrato synthesis models 
 
Creating a vibrato model that accounts for the modulation of the harmonics and spectral 
shape, along with the frequency and amplitude modulation is a key aspect in the true 
synthesis of vocal vibrato (Rossignol 1999). If the signal as a whole is taken for analysis, 
the vibrato can cause cross-talk in the applied filters, in the end not providing us the 
accurate information of the amplitude, phase and frequency of each partial (Maher and 
Beauchamp 1990).  
 
One of the models that has been cited is a procedure called the McAulay-Quateri 
procedure outlined by Maher and Beuchamp. This procedure analyses a recorded signal 
in sections of a single vibrato fluctuation and allowed for the extraction of information on 
the amplitude and frequency changes of each harmonic partial. This is only to extract and 
analyze an initial signal for vibrato and its general parameters such as frequency 
modulation, amplitude modulation and spectrum modulation. The spectrum modulation 
as previously mentioned occurs because of the amplitude modulation creating a time-
varying magnitude spectrum, creating changes because of the fundamental as well as the 
partials. the input signal (of only 1 vibrato period) is split into overlapping frames, the 
log-magnitude spectrum of the frames are extracted and the location(frequency) and 
height (amplitude) of the spectral peaks are identified. The log magnitude spectrum 
would reflect similarly to what is shown in Figure 6. The data from the procedure is then 
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directly used to resynthesize a flat vocal signal with almost the same fidelity as a natural 
vibrato, although lacking the sound envelope of an initial attack (Maher and Beauchamp 
1990). 
 
Another method that also builds on this is the have a large database selection synthesis 
scheme, therefore there is a bank of different spectral, frequency and amplitude 
modulations that would fit the vocal sound according to formants, vowel sounds and 
phase (Meron and Hirose 2000). There is a further needed assurance that the phase of the 
synthesized vibrato is in phase with the original signal. This process is called vibrato 
synchronous processing, which prevents further degradation of the signal. This model 
also takes into account that vibrato can start after the note is sung and before the note is 
finished, therefore the effect needs to be placed in a segment format with a sound 
envelope filter. 
 
The Spectral Modulation Synthesis analysis method uses a technique wherein detecting 
the vibrato in a reference signal , the fundamental frequency is centered around a 0-level 
track to model the fluctuation up and down around this „mean‟ frequency. Then a 
window is taken of approximately 2 periods of vibrato and an FFT (fast Fourier 
transform) is done to extract the exact rate and depth of the vibrato (Herrera and Bonada 
1998). From this we can also recognize the sinusoidal nature of the amplitude modulation 
of the vibrato around a „mean‟ amplitude creating a coincidental tremolo, as was first 
discovered from the initial function and code run in Matlab.  
 
Conclusions 
 
Vocal vibrato as was previously defined still abides by the 3 necessary parameters and 
can be defined as the fluctuation of f0 values over time in singing, with the effectual 
parameters of intonation, vibrato depth (pitch changes), and vibrato rate (the period of the 
vibrato sinusoidal pattern) (Park, Yun and Yoo 2010).  However, from just using general 
ranges to modulate a signal we have found that the original vocal signal gets adversely 
affected, and creates an unnatural vibrato. Therefore a better approach is to consider 
methods such as spectrum modeling to provide better estimations of the wanted vibrato 
parameters  (Rossignol 1999).  
 
What we have also identified is that it is important to use a vibrato model for synthesis 
that has been extracted from a recorded vibrato of a professional singer. In addition to 
this, it is important to note that the rate, depth and spectral information will be different 
for different voice types and vowel sounds when the vocal tract produces a vibrato.  The 
vibrato waveform is nearly sinusoidal or what we can call quasi-sinusoidal, but the 
amplitude, rate, and fundamental frequency can deviate randomly (Park, Yun and Yoo 
2010). Hence, vibrato extraction and analysis becomes furthermore important in re-
synthesis. When trying to synthesize the singing voice, adding the vibrato fluctuations to 
the harmonics tends to add warmth and add that natural quality. 
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